Summary
The mechanistic (or mammalian) target of rapamycin (mTOR) is a kinase that regulates key cellular functions linked to the promotion of cell growth and metabolism. This kinase, which is part of two protein complexes termed mTOR complex 1 (mTORC1) and 2 (mTORC2), has a fundamental role in coordinating anabolic and catabolic processes in response to growth factors and nutrients. Of the two mTOR complexes, mTORC1 is by far the best characterized. When active, mTORC1 triggers cell growth and proliferation by promoting protein synthesis, lipid biogenesis, and metabolism, and by reducing autophagy. The fact that mTORC1 deregulation is associated with several human diseases, such as type 2 diabetes, cancer, obesity and neurodegeneration, highlights its importance in the maintenance of cellular homeostasis.
Introduction
The mechanistic (or mammalian) target of rapamycin (mTOR) has emerged over the last decade as a central regulator of cell growth and metabolism. Deregulation of the mTOR signaling pathway has (See poster insert) now been linked to aging and to the development of human diseases, including cancer, obesity, type 2 diabetes and neurodegeneration (reviewed by . The connection between mTOR dysfunction and these pathologies highlights the importance of this signaling pathway in the maintenance of cellular homeostasis. These observations also raise the possibility that strategies to modulate mTOR function could serve as new avenues to slow aging and to treat many human diseases (reviewed by .
The mTOR kinase nucleates two distinct protein complexes termed mTOR complex 1 (mTORC1) and complex 2 (mTORC2). The protein composition of mTORC1 and mTORC2 is illustrated on the poster that accompanies this article. Growth factors and nutrients are the best-characterized cellular inputs contributing to mTORC1 activation. The molecular mechanisms through which these signals activate mTORC1 are described in Boxes 1 and 2. Other factors including oxygen, energy, inflammation, Wnt signaling and phosphatidic acid have also been identified as regulators of mTORC1 (reviewed by Laplante and Sabatini, 2009 ). When active, mTORC1 phosphorylates the translational regulator eukaryotic translation initiation factor 4E (eIF4E) binding protein 1 (4E-BP1) and S6 kinase 1 (S6K1), which, in turn, promote protein synthesis (Blommaart et al., 1995; Hara et al., 1998) . Through the phosphorylation of several other effectors, mTORC1 promotes lipid biogenesis and metabolism and suppresses autophagy (reviewed by Laplante and Sabatini, 2009) . The activity of mTORC1 towards certain substrates is very sensitive to the macrolide rapamycin. When bound to the 12 kDa FK506-binding protein (FKBP12), rapamycin physically interacts with and suppresses mTORC1 kinase activity (Brown et al., 1994; Sabatini et al., 1994; Sabers et al., 1995) .
Compared with mTORC1, less is known about mTORC2; it is insensitive to amino acids, but responds to growth factors through a poorly defined mechanism (see Box 1). When active, mTORC2 regulates cell survival, metabolism and cytoskeletal organization through the phosphorylation of several members of the AGC kinase subfamily (reviewed by . Because the activity of mTORC2 is not blocked by acute treatment with rapamycin, this complex was originally described as the rapamycin-insensitive mTOR complex (Jacinto et al., 2004; Sarbassov et al., 2004 ). This simple model was later challenged by reports showing that chronic treatment with rapamycin disrupts mTORC2 integrity and action in some, but not all, cell types (Sarbassov et al., 2006) . mTORC1 inhibition, in addition to impairing protein synthesis, deeply affects gene transcription. The modulation of transcription by mTORC1 was originally characterized in yeast, where the nuclear localization and the activity of several transcription factors are affected by rapamycin (reviewed by Crespo and Hall, 2002) . Most of the transcription factors that are regulated by mTORC1 in yeast elicit changes in the expression levels of enzymes involved in metabolic pathways, which is in line with the established nutrient-sensing role of mTORC1. Interestingly, mTORC1 inhibition also affects an important set of genes in mammalian cells (Cunningham et al., 2007; Düvel et al., 2010; Jimenez et al., 2010; Peng et al., 2002; Wang et al., 2011) . Here, we review the impact of mTORC1 on gene expression by focusing on its impact on the activity of transcription factors including STAT3, SREBPs, PPARc, PPARa, HIF1a, YY1-PGC1a and TFEB.
Regulation of STAT3 activity by mTORC1
In response to cytokines or growth factors, the signal transducer and activator of transcription 3 (STAT3) is phosphorylated at Tyr705 by the Janus kinase (JAK) or by receptor tyrosine kinases (RTKs), which facilitates STAT3 dimerization, nuclear translocation and DNA binding. Additionally, STAT3 can be phosphorylated by numerous kinases on Ser727, a site that promotes its transcriptional activity (reviewed by Decker and Kovarik, 2000) . When active, STAT3 regulates various cellular processes, such as growth, survival and proliferation.
Yokogami et al. have observed that rapamycin blocks ciliary neurotrophic factor (CNTF)-induced STAT3 phosphorylation at Ser727 (Yokogami et al., 2000) . The authors identified mTOR as one of the kinases that can phosphorylate STAT3 at Ser727, and found that rapamycin reduces STAT3 transcriptional activity, an effect that was confirmed by others (Kim et al., 2009 ).
Box 1. Regulation of mTOR signaling by growth factors
Growth factors, such as insulin or insulin-like growth factor 1, exert strong anabolic effects and play crucial roles in promoting cell survival, growth and metabolism. Over the last decades, several groups have demonstrated the importance of the mTOR pathway in regulating many of the cellular response to growth factors. Activation of receptor tyrosine kinases (RTKs) by growth factors promotes phosphatidylinositol (3,4,5)-triphosphate [PtdIns(3,4,5)P 3 ] production through phosphoinositide 3-kinase (PI3K), an event that is required for the activation of AKT (also known as PKB) (reviewed by Manning and Cantley, 2007) . Active AKT promotes mTORC1 action by two means: (1) reducing the interaction of proline-rich AKT substrate 40 kDa (PRAS40) with mTORC1 (Sancak et al., 2007; Thedieck et al., 2007; Vander Haar et al., 2007; Wang et al., 2007) , and (2) phosphorylating and inactivating the tuberous sclerosis complex (TSC), a protein complex composed of TSC1 (also known as hamartin), TSC2 (also known as tuberin) and TBC1D7 (Dibble et al., 2012; Inoki et al., 2002; Manning et al., 2002; Potter et al., 2002; Roux et al., 2004) . TSC1 and TSC2 are key upstream regulators of mTORC1 and function as a GTPase-activating protein (GAP) for the Rheb GTPase. The GTP-bound form of Rheb directly interacts with mTORC1 and strongly stimulates its kinase activity. As a Rheb GAP, TSC1 and 2 impair mTORC1 by converting Rheb into its inactive GDP-bound state (Dibble et al., 2012; Inoki et al., 2003; Tee et al., 2003) . The extracellular-signal-regulated kinase 1/2 (ERK1/2) and ribosomal S6 kinase (RSK1), which are both activated by the Ras pathway downstream of RTKs, also promote mTORC1 activity by phosphorylating and inhibiting TSC1 and TSC2 (Ma et al., 2005; Roux et al., 2004) . Sustained activation of mTORC1 ultimately leads to the retro-inhibition of RTK signaling. This negative-feedback loop is amplified by many components of the mTOR signaling pathway, including growth factor receptor-bound protein 10 (GRB10) (Hsu et al., 2011; Yu et al., 2011) , S6K1 (Um et al., 2004 ) and mTORC1 itself (Tzatsos and Kandror, 2006) . Similar to mTORC1, mTORC2 action is also induced by growth factors, but the exact mechanisms involved are still poorly understood. One potential mechanism suggests a role for ribosomes, as ribosomes are needed for mTORC2 activation and mTORC2 binds to lysosomes in a PI3K-dependent fashion (Zinzalla et al., 2011) .
Similarly, loss of TSC1 or TSC2, which strongly activates mTORC1, was in many studies linked to the elevation of STAT3 phosphorylation (Goncharova et al., 2009; Ma et al., 2010; Onda et al., 2002; Weichhart et al., 2008) . Some of these reports showed that mTORC1 not only promotes the phosphorylation of STAT3 at Ser727 but also induces its phosphorylation at Tyr705 through a mechanism that remains to be clarified.
STAT3 activity is elevated in many human cancers (reviewed by Kortylewski et al., 2005) . STAT3 activation induces tumorigenesis at least in part by promoting the expression of genes that regulate cell survival, proliferation, angiogenesis, metastasis and immune evasion (reviewed by Kortylewski et al., 2005) . Importantly, STAT3 is required to promote the proliferation and survival of cells in 1which mTORC1 is constitutively active (Goncharova et al., 2009) . Consistent with this study, activation of the mTORC1-STAT3 pathway is required for the viability and the maintenance of breast cancer stem-like cells (Zhou et al., 2007) . Taken together, these observations suggest that the mTORC1-STAT3 axis might have a significant role in promoting tumorigenesis and that this pathway could potentially be targeted to treat cancers.
mTORC1 promotes lipid biosynthesis through SREBPs
In addition to protein synthesis, actively growing cells require a substantial amount of lipids to support membrane biogenesis (reviewed by Menendez and Lupu, 2007) . Over the last few years, several reports showed that mTORC1 plays a fundamental role in promoting lipid biogenesis by regulating the expression of many lipogenic genes.
One important group of transcription factors that are involved in lipid synthesis are the sterol-regulatory-element-binding proteins (SREBPs). SREBPs are basic helix-loop-helix (bHLH) transcription factors that regulate lipid homeostasis by controlling the expression of lipogenic genes (reviewed by Horton et al., 2002) . Three members of the SREBP family have been described in mammals, SREBP1a and SREBP1c (hereafter referred to as SREBP1) and SREBP2. SREBP1 is involved in insulin-mediated fatty acid synthesis, whereas SREBP2 mainly controls cholesterol biosynthesis (reviewed by Horton et al., 2002) . Insulin increases SREBP1 expression and cleavage, which allows the release of a mature form of SREBP1 that translocates into the nuclei to regulate gene expression. On the other hand, cholesterol depletion induces the expression of SREBP2 and its subsequent cleavage, thus promoting its activity. mTORC1 positively regulates the activation of SREBPs through several mechanisms (reviewed by Bakan and Laplante, 2012) . Blocking of mTOR signaling reduces the mRNA and protein levels of SREBPs in several experimental models (Li et al., 2010; Li et al., 2011; Owen et al., 2012; Wang et al., 2011; Yecies et al., 2011) . Although differences exist between cell types, some of these studies have reported that mTORC1 regulates transcription of SREBPs through a mechanism that is independent of the mTORC1 substrate S6K1. In addition to promoting expression of SREBPs, mTORC1 induces the processing and the nuclear accumulation of the mature and active form of these transcription factors (Düvel et al., 2010; Owen et al., 2012; Porstmann et al., 2008; Wang et al., 2011; Yecies et al., 2011) . Studies have revealed that S6K1 plays a crucial in promoting processing of SREBPs downstream of mTORC1 but the exact mechanism involved is still unknown. Finally, it has been shown that mTORC1 promotes the activation of SREBPs by inducing their nuclear accumulation through a mechanism that requires Lipin 1, a phosphatidic acid phosphatase that also serves as a transcriptional coactivator . When active, mTORC1 phosphorylates Lipin 1, which results in its exclusion from the nucleus. Upon mTORC1 inhibition, Lipin 1 accumulates in the nucleus, which promotes the association of SREBPs to the nuclear matrix and impairs their ability to bind target genes . The fact that mTORC1 regulates activation of SREBPs at multiple levels suggests that the control of lipid synthesis must be intimately coupled to nutrient and growth factor signaling to maintain cellular homeostasis.
An increase in lipogenesis is a hallmark of proliferating cancer cells (reviewed by Menendez and Lupu, 2007) . As mTORC1 is often hyperactivated in cancers, it is possible that it could have a role in driving tumorigenesis by promoting lipid synthesis through the activation of SREBPs. In support of this idea, Manning's group recently reported that depletion of SREBPs blocks proliferation in cells with constitutively active mTORC1 (Düvel et al., 2010) . The mTORC1-SREBPs axis might also play a role in the development of nonalcoholic fatty liver disease (NAFLD), a condition that is characterized by excessive accumulation of lipids in the liver that can Box 2. Regulation of mTORC1 activity by nutrients Amino acids are required for the activation of mTORC1, but not mTORC2. Despite the fact that it had been known for some time that amino acids had a crucial role in regulating the action of mTORC1, the exact molecular mechanism remained unknown for many years. New findings now indicate that amino acid signaling initiates within the lysosomal lumen (Zoncu et al., 2011) . The authors proposed an 'inside-out' model of amino acid sensing, in which amino acids accumulate in the lysosomal lumen and initiate signaling through a mechanism that requires the vacuolar H + -adenoside triphosphate ATPase (v-ATPase). At the surface of the lysosome, the v-ATPase directly interacts with the Ragulator, a pentameric protein complex that is essential for amino acid regulation of mTORC1 (Bar-Peled et al., 2012; Sancak et al., 2010) . The Ragulator serves as a key scaffold protein complex and possesses guanine nucleotide exchange factor (GEF) activity towards the Rag GTPases (Bar-Peled et al., 2012), a group of GTPases that can recruit and activate mTORC1 at the lysosomal surface (Sancak et al., 2008) . Four Rag proteins have been identified, RagA to RagD, which form obligate heterodimers of either RagA or RagB with either RagC or RagD. The two members of the heterodimer have opposing nucleotide-loading states, so that when RagA or RagB is bound to GTP, RagC or RagD is bound to GDP and vice versa (Kim et al., 2008; Sancak et al., 2008) . Upon amino acid stimulation, the GEF activity of the Ragulator promotes the loading of RagA or B with GTP in a v-ATPase-dependent manner, which enables RagA or B to interact with the RAPTOR component of mTORC1 (Sancak et al., 2008) . This interaction results in the recruitment of mTORC1 from a poorly characterized cytoplasmic location to the lysosomal surface, where its endogenous activator Rheb resides. Glucose has also been demonstrated to promote mTORC1 recruitment to the lysosome through the Rag GTPase (Efeyan et al., 2013) . Importantly, the lysosomal localization of mTORC1 that is induced by nutrients is a prerequisite for the activation of mTORC1 by growth factors.
lead to cirrhosis and liver cancer. Obesity and nutrient overload, which are linked to NAFLD, exacerbate mTORC1 activity in the liver (Khamzina et al., 2005; Tremblay et al., 2007) , which, in turn, might promote NAFLD by activating SREBP1. Consistent with this idea, liver-specific deletion of mTORC1 impairs SREBP1 function and makes mice resistant to western-dietinduced NAFLD . mTORC1 promotes PPARc action and adipogenesis Because mTORC1 senses growth factors and nutrients, which are the main factors driving adipose tissue accumulation in mammals, several groups have tested the role of mTORC1 in regulating fat cell formation. mTORC1 inhibition severely impairs adipogenesis and adipose cell maintenance in vitro (Cho et al., 2004; Gagnon et al., 2001; Kim and Chen, 2004; Polak et al., 2008; Yu et al., 2008; Zhang et al., 2009 ). mTORC1 affects these processes by modulating the expression and the activity of peroxisome proliferatoractivated receptor c (PPARc), a nuclear receptor that controls the expression of genes that are required for fatty acid synthesis, uptake and esterification (reviewed by Rosen and MacDougald, 2006) .
The mechanism by which mTORC1 activates PPARc is still not fully elucidated. Le Bacquer et al. have observed that the mTORC1-4E-BP axis regulates the translation of PPARc and that of other factors that are required for the activation of the adipogenic cascade, namely CCAAT/enhancer-binding protein a (C/EBPa) and C/EBPd (Le Bacquer et al., 2007) . Another report also indicates that mTORC1 promotes the transactivation capability of PPARc, but the mechanism involved was not identified (Kim and Chen, 2004) . It is possible that mTORC1 could activate PPARc through its effect on SREBP1, which has been shown to promote the production of endogenous PPARc ligands (Kim et al., 1998) .
Despite the established role of mTORC1 in activating PPARc and adipogenesis, we recently observed that overexpression of DEPTOR, an endogenous and partial inhibitor of mTOR signaling, does not inhibit but instead increases adipogenesis in vitro and adipose tissue accumulation in vivo . In that study, we showed that DEPTOR promotes adipogenesis by dampening the negative effect of mTORC1 on insulin signaling, which activates the pro-adipogenic functions of Akt (see Box 1). These results indicate that, although mTORC1 is a key regulator of PPARc, its activity must be tightly controlled to execute the adipogenic cascade within a physiological context.
mTORC1 regulates PPARa activity and hepatic ketogenesis
The liver controls systemic glucose and lipid homeostasis in response to the nutritional status. Recently, it has been observed that mTORC1 regulates hepatic ketone body production in response to fasting (Sengupta et al., 2010) . mTORC1 activity is low during fasting, and mice with constitutively active mTORC1 in the liver are unable to turn on ketone body production when they are fasted. This work revealed that mTORC1 blocks hepatic ketogenesis by inhibiting the activity of PPARa, a nuclear receptor that controls the expression of genes required for fatty acid oxidation and ketone body synthesis (reviewed by Lefebvre et al., 2006) . mTORC1 impairs PPARa activity by promoting the nuclear accumulation of nuclear receptor corepressor 1 (nCoR1), a negative regulator of several nuclear receptors. A more recent study suggests that the effect of mTORC1 on the nCoR1-PPARa axis is mediated by S6K2, which acts downstream of mTORC1 (Kim et al., 2012) . Indeed, deletion of S6K2 in mice promotes ketone body production, and S6K2-null hepatocytes show high PPARa activity. The authors found that S6K2 blocks PPARa by interacting with and promoting nCoR1 nuclear localization (Kim et al., 2012) .
It has been found that mTORC1 activity is elevated in the livers of old mice (Sengupta et al., 2010) . This is interesting, as aging has been linked to reduced PPARa activity and hepatic ketogenesis (Okuda et al., 1987; Sanguino et al., 2004; Sastre et al., 1996) . The observation that mTORC1 inhibition is sufficient to prevent aging-induced defects in PPARa activation and ketone body production supports the idea that there is a key role for mTORC1 in these effects (Sengupta et al., 2010) and also that a deregulation of the mTORC1-PPARa axis upon aging could contribute to the deterioration of systemic glucose and lipid homeostasis by impairing the metabolic flexibility of the liver (Petersen et al., 2003) .
Modulation of metabolism by the mTORC1-HIF1a axis Hypoxia-inducible factor 1a (HIF1a) controls a transcriptional program that allows cells to cope with oxygen deprivation (reviewed by Majmundar et al., 2010) . HIF1a activation promotes the expression of genes that regulate glucose transport and glycolysis and provides a means to maintain energy production when cellular respiration is reduced. HIF1a also helps to resolve hypoxic stress by promoting angiogenesis (reviewed by Majmundar et al., 2010) .
Duvel et al. found that the DNA-binding motif of HIFa is overrepresented in the promoter of genes whose expression is modulated by mTORC1 (Düvel et al., 2010) . Consistent with this observation, several reports have shown that mTORC1 is a positive regulator of HIF1a (Brugarolas et al., 2003; Düvel et al., 2010; Hudson et al., 2002; Laughner et al., 2001 ). mTORC1 increases HIFa protein levels by promoting its cap-dependent translation through the 4E-BP1-eIF4 axis. There are also indications that mTORC1 can induce the transcription of HIF1a, but the underlying mechanism involved has not has not been further defined (Düvel et al., 2010) .
The interplay between mTORC1 and HIF1a is also interesting in the context of cancer development and progression. As is the case for mTORC1, HIF1a activity is also frequently elevated in cancer. The increase in HIF1a activity, which results from oncogenic activation and/or intratumoral hypoxia, has been associated with an increased patient mortality in several types of cancer (reviewed by Keith et al., 2012) . HIF1a promotes tumorigenesis by conferring adaptive, proliferative and survival advantages to the cancer cell through the modulation of energy metabolism and tumor oxygenation. The identification of a link between mTORC1 and the expression of HIF1a supports the possibility that this connection could be targeted for the treatment of cancers. mTORC1 promotes mitochondrial biogenesis through YY1 and PGC1a Cell growth and proliferation, which are both linked to mTORC1 activation, consume a substantial amount of energy, and it has been shown that mTORC1 controls mitochondrial biogenesis and function.
For instance, mTORC1 activation increases the number of copies of mitochondrial DNA and the expression of genes that encode proteins regulating mitochondrial metabolism (Cunningham et al., 2007; Koyanagi et al., 2011) . Consequently, the genetic ablation of mTORC1 in mouse heart or skeletal muscle reduces the number of mitochondria and the expression of oxidative genes (Bentzinger et al., 2008; Romanino et al., 2011; Shende et al., 2011) . A report indicates that nuclear mTORC1 controls the transcriptional activity of PPARc coactivator-1 (PGC1a), a nuclear cofactor that regulates mitochondrial biogenesis and metabolism, by altering its physical interaction with another transcription factor, yin-yang 1 (YY1) (Cunningham et al., 2007) . Although this is an interesting possible mechanism, it is difficult to reconcile it with other published reports, which show that mTORC1 is active at the surface of the lysosome and that little to no endogenous mTORC1 is found in the nucleus. Additional studies are needed to validate the role of the contribution of YY1 and PGC1a in mediating the effect of mTORC1 on mitochondrial biogenesis.
Importantly, the role of mTORC1 in mitochondrial function and oxidative metabolism might differ between tissues. As discussed above, mTORC1 impairs PPARa activity and the expression of genes regulating lipid oxidation in the liver (Sengupta et al., 2010) , whereas opposing effects have been observed in the heart and in skeletal muscles (Romanino et al., 2011; Shende et al., 2011) . The underlying reasons for these differences remain to be identified.
Control of lysosome biogenesis by the mTORC1-TFEB axis
Lysosomes are organelles that contribute to cellular homeostasis by regulating a plethora of physiological processes, including cellular clearance, lipid homeostasis, energy metabolism and pathogen defense (reviewed by Singh and Cuervo, 2011) . In addition, as described in Box 2, lysosomes are also an important signaling hub that is essential for the activation of mTORC1 by nutrients.
A factor that regulates lysosome biogenesis and function, and their adaptation to environmental cues is the bHLH leucine zipper transcription factor EB (TFEB). In response to starvation or lysosomal dysfunction, TFEB positively regulates the expression of lysosomal hydrolases, lysosomal membrane proteins and components of the v-ATPase complex (Palmieri et al., 2011) . TFEB also promotes autophagosome formation and their fusion with the lysosome (Settembre et al., 2011) . Together, these processes help cells to cope with stressful conditions by increasing their ability produce energy from the degradation of cellular components. Recently, mTORC1 has been identified as a key regulator of TFEB function (Martina et al., 2012; Roczniak-Ferguson et al., 2012; Settembre et al., 2012) . In the presence of nutrients, mTORC1 phosphorylates TFEB at the lysosome surface, which promotes the binding of TFEB to 14-3-3 proteins and inhibits its transport into the nucleus. Conversely, conditions that impair mTORC1 reduce TFEB phosphorylation and its binding to 14-3-3 proteins, and so rapidly increase the accumulation of TFEB in the nucleus, where it orchestrates the expansion of lysosomal and autophagic compartments.
Lysosomal dysfunction can lead to health problems by reducing the ability of cells to clear protein aggregates, debris and organelles. The efficiency of the lysosome in degrading cellular components has been shown to decline over time, an effect that has been linked to the development of aging and age-related diseases, such as neurodegeneration and cancer (reviewed by Rubinsztein et al., 2011) . Because mTORC1 inhibition promotes lysosomal biogenesis and autophagy, strategies aimed at blocking mTORC1 are considered as potential therapeutic avenues to reduce aging and related diseases. As a proof-ofconcept, a reduction in mTORC1 activity has been shown to promote life extension in mice (Harrison et al., 2009; Lamming et al., 2012; Miller et al., 2011) and to reduce the severity of neurodegeneration in several models (reviewed by Sarkar and Rubinsztein, 2008) . Despite the hope and excitement generated by these results, more studies are needed to determine the risks and benefits associated with chronic mTORC1 inhibition (reviewed by .
Regulation of RNA polymerases I and III by mTORC1
Although this review focuses on the role of mTORC1 in regulating the expression of genes transcribed by RNA polymerase II, it is important to mention that mTORC1 also affects the expression of ribosomal RNA (rRNA) and transfer RNA (tRNA) through the modulation of the activity of RNA polymerase (Pol) I and III. One study showed that the mTOR-S6K1 pathway activates the regulatory element tripartite motif-containing protein-24 (TIF1A, also known as TRIM24), which promotes its interaction with Pol I and the expression of rRNA (Mayer et al., 2004) . By contrast, the mTOR-S6K1 axis has also been shown to control rRNA expression by promoting the interaction of upstream binding factor (UBF) with SL1, an event that facilitates Pol I activation (Hannan et al., 2003) . Finally, mTORC1 phosphorylates and inhibits MAF1, a Pol III repressor, and thereby induces the transcription of 5S rRNA and tRNA (Kantidakis et al., 2010; Shor et al., 2010) . These effects of mTORC1 on Pol I and III contribute to cell growth by promoting protein synthesis.
Conclusions
The mTORC1 pathway, which previously has been tightly linked to the control of mRNA translation, is now also emerging as a key regulator of gene transcription. Considering the intense interest in mTOR, it is likely that the list of transcriptional regulators whose activity is modulated by this signaling pathway will expand in the near future. Beyond its ability to regulate the activity of specific transcription factors, it is important to note that mTORC1 might also regulate gene expression through alternative processes, such as epigenetic mechanisms or by affecting directly RNA stability or degradation. In the years to come, our understanding of the molecular mechanisms through which mTORC1 controls gene transcription will undoubtedly expand, which might lead to the identification of new transcription factors that could be targeted to treat diseases linked to mTORC1 deregulation. 
